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WIRELESS COMMUNICATIONS SYSTEM when they are not required to receive or transmit . In such a 
AND METHOD scenario , because there is no central coordinator , each ter 

minal is required to have knowledge of when the neigh 
CROSS REFERENCE TO RELATED bouring terminals are capable to receive information , which 

APPLICATIONS 5 would impact on how they schedule transmission . 
Hidden Node Problem 

This application is a divisional of U . S . application Ser . As described above , in a Mesh topology each terminal is 
No . 14 / 122 , 017 , filed Nov . 25 , 2013 , which is a National required to make a decision on when to transmit data . FIG . 
Stage of PCT / GB2012 / 051332 , filed Jun . 13 , 2012 , which 2 schematically illustrates how this can be problematic due 
claims the benefit of priority from United Kingdom Patent 10 to hidden nodes . In FIG . 2 , four terminals A to D are shown , 
Application No . 11 09982 . 7 , filed Jun . 14 , 2011 , the contents with the radio transmission range of terminals A and C being 
of which are incorporated in their entirety . indicated by the circles surrounding these respective termi 

nals . In the deployment scenario envisaged in FIG . 2 , where 
FIELD OF THE INVENTION terminal A has data to send to terminal B , and terminal C has 

15 data to send to terminal D , because terminal A is not in range 
The present invention relates to a wireless communica - of C and vice versa , there is possibility that terminals A and 

tions system and method . Further aspects of the present C may commence transmission at the same time . In this 
invention relate to a base station , an intermediate device , a situation , a mixed signal from terminals A and C will be 
terminal device and a computer program . received at terminal B , which may inhibit decoding of the 

20 desired signal ( from terminal A ) at terminal B . A “ listen 
BACKGROUND OF THE INVENTION before send ” mechanism at the transmitting terminals ( to 

observer for interfering transmissions ) will not work in this 
Machine Type Communication ( MTC ) is being discussed case because the transmitting terminals are out of range of 

in various wireless communication standards bodies as a each other , or in other words are hidden from each other . 
new trend of wireless technology of communication network 25 Complex mechanisms would be required to effectively solve 
applications which typically do not require human interac - this hidden node problem . 
tion . Excessive Use of Resource ( Medium & Energy ) 

A broad definition of MTC is an automated communica The nature of the Mesh topology requires the same data 
tion network to and from machines . One major category of to be transmitted multiple times through multiple hops . 
MTC devices are expected to have the characteristics of very 30 FIGS . 3A and 3B schematically illustrate how control sig 
low power consumption , very small data transmissions and nals are communicated from a terminal A to a terminal G , 
a very large number of terminals . An example MTC appli and how in response data signals are communicated from the 
cation that fits within this category may for example be terminal G to the terminal A . In particular , FIG . 3A illus 
energy consumption monitoring of home appliances for trates a single hop scenario whereas FIG . 3B illustrates a 
smart grid systems . 35 multi - hop scenario . In FIG . 3A , the terminals A and G 

In order to realize these requirements , wireless PAN communicate directly with each other . Neighbouring ( inter 
( Personal Area Network : 10 - 20 m range ) standards such as mediate ) terminals B , D and E are not utilised in the 
ZigBee adopt Adhoc / Mesh topology where there is no communication . More specifically , the terminal A sends a 
central coordinating entity to control the traffic flow , and control signal directly to the terminal G to request data , and 
where the scheduling / routing of data transmission is man - 40 the terminal G responsively transmits the requested data 
aged in a distributed manner . The Mesh characteristics allow directly back to the terminal A . The period between the 
data to be conveyed beyond the PAN range by multihopping transmission of the control signal from the terminal A to the 
the information via a series of neighbouring devices . reception of the data at the terminal A is referred to as the 
Because each transmission link is kept short , the power transmission time . In contrast , in FIG . 3B , the terminals A 
consumption per terminal is kept low . 45 and G communicate with each other via the terminals B , D 
However , in order to reliably convey information from a and E , in a multi - hop manner . More specifically , the terminal 

source to a destination , this topology encounters several A sends a control signal to request data firstly to the terminal 
problems . B . Terminal B then relays the control signal to the terminal 
Routing / Scheduling Complexity D , and so on through the terminal E until the control signal 
One characteristic of Mesh topology is that there could be 50 is finally received at the terminal G from the terminal E . The 

multiple routes from source to destination . FIG . 1 schemati - terminal G then responsively transmits the requested data 
cally illustrates a Mesh network topology . Seven terminal firstly to the terminal E , where it is relayed on to the terminal 
devices A to G are shown . In order to transfer information D and so on through the terminal B until the data is finally 
from terminal A to terminal G , route 1 ( solid arrows ) or route received at the terminal A . As with FIG . 3A , the period 
2 ( dashed arrows ) can be taken . The arrows accompanied by 55 between the transmission of the control signal from the 
question marks indicate alternative routes available for terminal A to the reception of the data at the terminal A is 
transmission from a given terminal . In particular , terminal A referred to as the transmission time . 
needs to make a decision whether to transmit its data first to As can be understood from a comparison of FIGS . 3A and 
terminal B ( via solid arrow ) , or to terminal C ( via dashed 3B , not only does multi - hopping increase the latency to 
arrow ) . Terminal D needs to make a similar decision . This 60 transfer information from source to destination , but it also 
means that each terminal in a Mesh topology requires has some additional side effects . One effect is , since the 
knowledge of the existing surrounding terminals and same data needs to be sent multiple times , it consumes more 
requires the capability to select the optimum route to a given medium time than when transmitted in a single hop . Routing 
destination , which intuitively requires significant intelli - signals and traffic flow control signals may also be sent 
gence . 65 multiple times , making the effect more serious . This prob 

Furthermore , in an energy conserving system , some ter - lem is particularly significant in MTC where there may be 
minals may be required to switch into a hibernation mode large numbers of terminals , and for which the signalling 
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information ( control signals ) is likely to dominate the actual is conserved at the terminal device on the uplink because a 
information ( data ) transmitted . lower power transmission can be used which although 

Also , because in a Mesh topology terminals within the insufficient to reach the base station is able to reach the 
route ( terminals B , D & E in FIG . 3B ) need to receive and intermediate device . The terminal device is not required to 
transmit data and signalling that is not originated by itself , 5 determine the uplink path itself and therefore does not 
they are required to consume more energy than in a single require complex , expensive and power consuming control 
hop network , in which they would only transmit self logic . 
originated data . These same problems ( excessive use of In other words , in order to mitigate the conflicting require 
medium ) can be observed in a Relay topology or when a ments set out in the above background , a method to use a 
gateway is used . 10 Relay and / or Mesh topology for uplink transmission to 
Accordingly , it will be understood that one of the main conserve power at MTC terminals , while using conventional 

characteristics of MTC is that terminals are expected to have Star topology in the downlink transmission where there is 
extremely low power consumption . One effective way to sufficient transmission power at the base station is proposed . 
realize this is to limit the transmission range of the MTC The base station may be operable to wirelessly transmit 
terminals , and to use Relay or Mesh topology to multihop 15 intermediate control signals to an intermediate device via 
the information from the MTC terminals to the base station . which the uplink signals are to be routed , the intermediate 
However , it will also be understood from the above control signals indicating either another of the intermediate 

discussion that Relay and Mesh topologies have their own devices or the base station as a target device to which that 
drawbacks in that each relay or mesh terminal needs to have intermediate device is to direct the uplink signals . In this 
distributed scheduling and routing capability in order to 20 case , the intermediate device is operable to wirelessly trans 
convey information in a multihop manner , which brings mit the uplink signals to the intermediate device or base 
complexity to these terminals . Furthermore , the scheduling station identified by the intermediate control signals . In this 
messages need also to be multihopped , which results in an way , the base station directly selects all of the radio links in 
ineffective use of the medium . the chain between the terminal device and the base station . 

An uplink only single - hop relay is described in US2008 / 25 The base station may be operable to wirelessly transmit to 
0285499 . The mobile terminal in this case is agnostic to the the intermediate device an indication that it is required to 
relay node , that is it is not aware that its uplink data is being receive the uplink signals . This indication may specify a 
forwarded by the relay node . One characteristic of this radio resource at which the intermediate device can expect 
transparent operation is that the relay node only transmits the uplink signals to be transmitted to the intermediate 
towards the base station ( eNB ) , and never to the mobile 30 device by the terminal device or by another intermediate 
terminal ( UE ) . This creates some problems . For example , device . This may allow the receiving intermediate device to 
this arrangement will not work with a Type 1 relay of the sort switch into a “ relaying ” mode ( from a dormant mode for 
that is being standardized in 3GPP . Additionally , there is no example ) and to decode information from the correct radio 
way to enforce per link automatic repeat requests ( ARQ ) . resources . 
There is no way to compensate for additional uplink delay 35 When the uplink signals are to be routed via more than 
caused by two or more hops . Also , there is no way to one intermediate device , the base station may be operable to 
measure downlink channel quality between individual mul wirelessly transmit intermediate control signals to a first 
tihop links . intermediate device via which the uplink signals are to be 

routed , the intermediate control signals indicating a second 
SUMMARY OF THE INVENTION 40 intermediate device as a target device to which the first 

intermediate device is to direct the uplink signals . In this 
According to the present invention there is provided a case , the first intermediate device is operable to wirelessly 

wireless communications system comprising : transmit the uplink signals to the second intermediate device 
a base station ; identified by the intermediate control signals . 
a plurality of intermediate devices ; and 45 The terminal control signals may comprise scheduling 
a terminal device ; wherein information having more than one address field , the address 
the base station is operable to wirelessly transmit down fields comprising a transmitter address field identifying the 

link signals to the terminal device , the downlink signals terminal device and a receiver address field identifying the 
comprising terminal control signals identifying one of the intermediate device via which the uplink signals are to be 
intermediate devices as a target device to which the terminal 50 transmitted . The intermediate control signals may also com 
device is to direct uplink signals intended for the base prise scheduling information having more than one address 
station ; and field , the address fields comprising a transmitter address 

the terminal device is operable to wirelessly transmit the field identifying the first intermediate device and a receiver 
uplink signals to the base station via the intermediate device address field identifying the second intermediate device . The 
identified by the terminal control signals . 55 address fields may be radio network temporary identifiers 

In this way , downlink communications are provided ( RNTIS ) specified on a physical downlink control channel 
directly from the base station to the terminal device , includ - ( PDCCH ) broadcast by the base station . It may not be 
ing control signals which instruct the terminal device where necessary to provide two address fields in the scheduling 
to send uplink data . This enables the base station to directly information to the intermediate device from which the base 
control scheduling of uplink communications , and in par - 60 station is to directly receive uplink signals . This is because 
ticular to define the uplink route from the terminal device to it may be considered implicit that in the absence of the 
the base station via one or more intermediate devices . second address the uplink data is to be transmitted to the 
Preferably , the base station is operable to wirelessly transmit base station providing the scheduling information . 
the downlink signals directly to the terminal device . There is The intermediate devices may be operable to generate 
no problem with the base station communicating directly 65 respective predetermined beacon signals . The terminal 
with the terminal device on the downlink , because there is device may then receive a beacon signal from an interme 
no requirement to conserve power at the base station . Power diate device and generate a respective measure of the radio 
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30 

link quality between the terminal device and the intermedi diate devices , the base station is configured to transmit a first 
ate device using the received beacon signal . The terminal acknowledgement message to the intermediate device from 
device then transmits the measure of radio link quality to the which the uplink signals have been directly received , and to 
base station within the uplink signals . The terminal device transmit a second acknowledgement message directly to the 
may receive the beacon signals from plural intermediate 5 terminal device . The intermediate device from which the 
devices and generate , for each radio link between the uplink signals have been directly received retains the uplink 
terminal device and one of the intermediate devices from signals until the first acknowledgement message has been 
which a beacon signal has been received , a respective received at the intermediate device , and the terminal device measure of the radio link quality using the received beacon retains the uplink signals until the second acknowledgement signals . Again , the terminal device may then transmit the 10 message has been received at the terminal device . respective measures of radio link quality to the base station The base station may determine a delay budget for uplink within the uplink signals . The base station may then deter data transmission based on the number of intermediate mine a transmission route from the terminal device to the devices via which uplink data transmissions from the ter base station via one or more of the intermediate devices in minal device to the base station are to be routed . The base dependence on the received measures of radio link quality . 15 

One or more of the base station , the intermediate devices station can use the determined delay budget to set a time - out 
and the terminal device may be operable to generate respec - period after which an uplink signal transmitted from the 
tive predetermined beacon signals . Another one or more of terminal device to the base station can be assumed to be lost . 
the base station , the intermediate devices and the terminal The intermediate devices may be dedicated relays , other 
device receive the beacon signals and generates a respective 20 terminal devices or a combination of the two ( that is , some 
measure of the radio link quality corresponding to the radio of the intermediate devices may be dedicated relays while 
link via which the beacon signal has been transmitted using other of the intermediate devices may be terminal devices ) . 
the received beacon signals . The another one or more of the The terminal device transmitting uplink signals to the base 
base station , the intermediate devices and the terminal station may in some embodiments serve as an intermediate 
device may then transmit the measure of radio link quality 25 device in relation to uplink communications from another 
to the base station within the uplink signals , whereupon the terminal device to the base station . 
base station is able to determine a transmission route from The terminal devices may be machine type communica 
the terminal device to the base station via one or more of the tion ( MTC ) devices . The downlink signals may comprise 
intermediate devices in dependence on the measures of radio data signals . link quality . According to another aspect of the present invention , In this way , the various devices within the network are there is provided a base station for wirelessly communicat able to discover neighbouring devices and the quality of ing data to and from a terminal device via one or more of a radio links with those neighbouring devices . The base sta plurality of intermediate devices within a wireless commu tion is able to receive all of this information to determine a 
suitable route through the network for uplink data . It will be 35 hic he 35 nications system , the base station comprising : 
appreciated that it may not be necessary for all devices to a transmitter configured to wirelessly transmit downlink 
transmit beacon signals , particularly where certain radio signals to the terminal device , the downlink signals com 
links are fixed geographically . prising control signals indicating one of the intermediate 

The control signals may comprise scheduling informa - devices as a target device to which the terminal device is to 
tion , the scheduling information specifying one or more of 40 direct uplink signals intended for the base station ; and 
a transmission power , data rate , transmission frequency , a receiver configured to receive uplink signals transmitted 
transmission timeslot and number of resource blocks for the from the terminal device via the intermediate device indi 
uplink signals . The scheduling information may be set by the cated by the control signals . 
base station for each radio link based on the radio link According to another aspect of the present invention , 
quality measure reported for each radio link . 45 there is provided a terminal device for wirelessly commu 

The base station may broadcast an indication of the radio n icating data to and from a base station via one or more of 
resource over which each beacon signal is transmitted a plurality of intermediate devices within a wireless com 

The uplink signals from the terminal device may comprise munications system , the terminal device comprising : 
uplink control signals indicating a radio link quality between a receiver configured to wirelessly receive , from the base 
the terminal device and neighbouring devices . The base 50 station , downlink signals , the downlink signals comprising 
station may then set one or more of an uplink route from the terminal control signals indicating one of the intermediate 
terminal device to the base station via one or more of the devices as a target device to which the terminal device is to 
intermediate devices and transmission control parameters direct uplink signals intended for the base station ; and 
for controlling the transmission of data from each device in a transmitter configured to wirelessly transmit the uplink 
the uplink route in dependence on the received uplink 55 signals to the base station via the intermediate device 
control signals . indicated by the terminal control signals . 

In one embodiment , the intermediate devices generate According to another aspect of the present invention , 
respective predetermined beacon signals . The terminal there is provided an intermediate device for wirelessly 
device receives a beacon signal from an intermediate device relaying data between a base station and a terminal device 
and generates a respective measure of the radio link quality 60 within a wireless communications system , the intermediate 
between the terminal device and the intermediate device device comprising : 
using the received beacon signals . The terminal device then a receiver configured 
transmits the measure of radio link quality to the interme to wirelessly receive , from the base station , intermediate 
diate device . The intermediate device may then relay the control signals indicating another intermediate device or a 
measure of radio link quality to the base station . 65 base station as a target device to which the intermediate 

In an embodiment , in response to receiving uplink data device is to direct uplink signals intended for the base 
signals from the terminal device via one or more interme station ; and 
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to wirelessly receive , from the terminal device or from a plurality of terminal devices ; wherein 
another intermediate device , the uplink signals intended for the base station is operable to wirelessly transmit down 
the base station ; and link signals directly to a first one of the terminal devices ; and 

a transmitter configured to wirelessly transmit the the first terminal device is operable to wirelessly transmit 
received uplink signals to the intermediate device or the base 5 the uplink signals to the base station via a second one of the 
station indicated by the terminal control signals . terminal devices . 

According to another aspect of the present invention . In this way , an asymmetric uplink / downlink mesh net 
there is provided a method of wirelessly communicating work can be provided . A corresponding base station , termi 

nal device and method are also envisaged . data between a base station and a terminal device via one or 
more of a plurality of intermediate devices , comprising : 10 Further aspects and features of the present invention are 

defined in the appended claims . wirelessly transmitting , from the base station , downlink 
signals to the terminal device , the downlink signals com BRIEF DESCRIPTION OF THE DRAWINGS prising terminal control signals indicating one of the inter 
mediate devices as a target device to which the terminal Example embodiments of the present invention will now 
device is to direct uplink signals intended for the base 15 be described with reference to the accompanying drawings 
station , and in which like parts have the same designated references and 

wirelessly transmitting , from the terminal device , the in which : 
uplink signals to the base station via the intermediate device FIG . 1 schematically illustrates a mesh network having 
indicated by the terminal control signals . multiple possible transmission routes ; 

According to another aspect of the present invention , 20 FIG . 2 schematically illustrates a “ hidden node ” problem 
there is provided a method of wirelessly communicating in a mesh network ; 
data between a base station and a terminal device via one or FIGS . 3A and 3B provide a comparison of resource 
more of a plurality of intermediate devices within a wireless consumption in single hop and multi - hop transmissions ; 
communications system , comprising : FIGS . 4A and 4B provide a comparison between a sym 

wirelessly transmitting downlink signals from the base 25 metric uplink / downlink multi - hop signalling scenario and an 
station to the terminal device , the downlink signals com asymmetric uplink / downlink signalling scenario ; 

FIGS . 5A and 5B provide a comparison of resource prising terminal control signals indicating one of the inter 
mediate devices as a target device to which the terminal consumption for the two scenarios shown in FIGS . 4A and 

4B respectively ; device is to direct uplink signals intended for the base FIGS . 6A and 6B provide a comparison of the symmetric 
station , and 30 uplink / downlink multi - hop signalling scenario and the receiving , at the terminal device , uplink signals transmit asymmetric uplink / downlink signalling scenario when ted from the terminal device via the intermediate device applied to a relay network ; 
indicated by the terminal control signals . FIG . 7 is a schematic block diagram of a mobile com 

According to another aspect of the present invention , munications network and mobile communications devices 
there is provided a method of wirelessly communicating 35 forming a communication system which operates in accor 
data between a terminal device and a base station via one or d ance with the 3GPP Long Term Evolution ( LTE ) standard ; 
more of a plurality of intermediate devices within a wireless FIG . 8 schematically illustrates an example downlink data 
communications system , comprising : and control channel structure for use in the network shown 

wirelessly receiving at the terminal device , from the base in FIG . 7 ; 
station , downlink signals , the downlink signals comprising 40 FIG . 9 schematically illustrates an example uplink data 
terminal control signals indicating one of the intermediate and control channel structure for use in the network shown 
devices as a target device to which the terminal device is to in FIG . 7 ; 
direct uplink signals intended for the base station ; and FIG . 10 schematically illustrates an example signal flow 

wirelessly transmitting the uplink signals from the termi - for transmitting and receiving beacon signals , and allocating 
nal device to the base station via the intermediate device is uplink resources in dependence on the result ; nal device to the base station via the intermediate device 45 upli FIG . 11 schematically illustrates the use of the downlink indicated by the terminal control signals . control and data channels to control the transmission of According to another aspect of the present invention , beacon signals from various devices on the network ; there is provided a method of wirelessly relaying data FIG . 12 schematically illustrates an example signal flow between a base station and a terminal device within a for setting an uplink data transfer route and providing uplink wireless communications system , comprising : 30 data in response ; 

wirelessly receiving at an intermediate device , from the FIG . 13 schematically illustrates an example signal flow 
base station , intermediate control signals indicating another for allocating uplink resources and providing uplink data in 
intermediate device or the base station as a target device to response to that allocation ; 
which the intermediate device is to direct uplink signals FIG . 14 schematically illustrates an example signal flow 
intended for the base station ; 55 for routing information and data in a relay network ; 

wirelessly receiving at the intermediate device , from the FIG . 15 schematically illustrates an example signal flow 
terminal device or from another intermediate device , the for a multi - hop acknowledgement ( ACK ) procedure ; 
uplink signals intended for the base station , and FIGS . 16A to 161 schematically illustrate an example 

wirelessly transmitting the received uplink signals to the method of establishing a multi - hop uplink ; and 
intermediate device or the base station indicated by the 60 FIG . 17 is a schematic flow diagram illustrating several of 
intermediate control signals . the steps involved in communicating data asymmetrically on 

A computer program and a recording medium for imple - an uplink / downlink . 
menting the invention are also envisaged . 

According to yet another aspect of the present invention DESCRIPTION OF EXAMPLE EMBODIMENTS 
there is provided a wireless communications system com - 65 
prising : Referring first to FIGS . 4A and 4B , these provide a 

a base station ; and comparison between a symmetric uplink / downlink multi 
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hop signalling scenario and an asymmetric uplink / downlink as enhanced Node - Bs 101 ( NBs ) each of which includes a 
signalling scenario . FIG . 4A illustrates a symmetric uplink / transceiver unit 103 enabling communication of data to and 
downlink case in which communications are multi - hopped from a plurality of mobile communication devices 105 via a 
both on a downlink 5a from a base station la to a terminal radio interface . Each mobile communication device 105 
device 4a via intermediate devices 2a and 3a , and also on an 5 includes a transceiver for communicating data to and from 
uplink 6a from the terminal device 4a to the base station la the eNBs and a USIM which uniquely identifies the mobile 
via the intermediate devices 2a and 3a . FIG . 4B illustrates communication device . an asymmetric uplink / downlink case in which communica Each eNB 101 provides a coverage area ( i . e . a cell ) and tions are direct on a downlink 5b from a base station 1b to communicates data to and from mobile communication a terminal device 4b , but are multi - hopped on an uplink 6b 10 
from the terminal device 4b to the base station 1b via devices 102 within the coverage area / cell . Each eNB 101 is 

connected to a Serving Gateway ( S - GW ) 104 which routes intermediate devices 2b and 3b . user data to and from the eNBs 101 and supports mobility Referring now to FIGS . 5A and 5B , the impact of the when mobile communication devices 105 handover between asymmetric uplink / downlink scenario on the resource con 
sumption and transmission time / medium time ( time during 15 ENI ing is eNBs 101 as is known in the art . 
which a radio link is in use conveying signalling and / or data ) The mobile network is typically divided into a number of 
become clear . As discussed previously , multi - hopping per tracking areas each of which comprise a number of eNBs . 
mits lower power transmissions to be used , but increases Together the tracking areas form a network coverage area 
transmission time and medium time . FIG . 5A illustrates how providing access to the Public Land Mobile Network 
the multi - hopping of both the control signal and the data 20 ( PLMN ) over a geographic area . The S - GW 104 is con 
signal ( as conducted in FIG . 4A ) take a relatively long time nected to a Packet Data Network Gateway 106 ( P - GW ) 
to be conveyed , due to the processing delay on reception which is the network entity from which packet data is routed 
retransmission at each intermediate step in the route . In into and routed out of the network . The mobile telecommu 
contrast , FIG . 5B shows how the transmission time / medium nication network also includes a Mobility Management 
time is reduced in relation to the control signal sent from the 25 Entity 107 ( MME ) connected to the S - GW 104 and the eNBs 
base station ( BS ) to the terminal by transmitting the control 101 . The MME 107 is responsible for authenticating mobile 
signal in a single hop . While on the face of it this goes communication devices 105 attempting to access the net 
against the low transmission power goals of a mesh / relay work by retrieving subscriber profile information stored in a type network , in reality the base station will not be subject Home Subscriber Server 108 ( HSS ) . The MME 107 also to the same transmission power constraints as the terminal 30 tracks the location of each mobile communication device device and relays within the network . Moreover , this 105 that has joined the network . The eNBs grouped together arrangement is particularly advantageous for MTC devices form a radio network part of the PLMN and the infrastruc because of the relatively high volume of control signalling ture equipment of the PLMN , namely the S - GW , MME and versus data signalling which is typically utilised for this type 
of device . 26 P - GW form a core network part of the PLMN . 35 F 

Referring next to FIGS . 6A and 6B , a comparison of the FIG . 8 schematically illustrates an example downlink data 
symmetric uplink downlink multicho? signalling scenario and control channel structure for use in the LTE based 
and the asymmetric uplink / downlink signalling scenario network of FIG . 7 . According to the LTE standard , a 
when applied to a relay network is provided . FIG . 6A physical down - link frame is used to communicate control 
illustrates a symmetric uplink / downlink case in which com - 40 signalling and data on the downlink ( base station to terminal 
munications are multi - hopped both on a downlink 10a from device ) . FIG . 8 is a somewhat simplified form of this , for 
a base station 7a to several terminal devices 9a via relay example a LTE frame usually includes 10 sub - frames but 
nodes 8a , and also on an uplink 11a from the terminal only 6 sub - frames 130 have been represented for the down 
devices 9a to the base station 7a via the relay nodes 8a . FIG . link frame 120 of FIG . 8 . Below the representation of the 
6B illustrates an asymmetric uplink / downlink case in which 45 LTE frame 120 in FIG . 8 is an expanded version of one of 
communications are direct on a downlink 10b from a base the sub - frames 130 . In each sub - frame 130 , a Physical 
station 7b to a terminal device 9b , but are multi - hopped on Downlink Control Channel ( PDCCH ) 140 is shown which 
an uplink 11b from the terminal device 9b to the base station occupies some time and frequency resources within a 
7b via the relay nodes 8b . It will be appreciated that the resource zone that stretches across the entire frequency band 
asymmetric uplink downlink relay configuration of FIG . 6B 50 ( vertical ) and across 1 to 3 symbols in the time axis 
will receive similar benefits as the asymmetric uplink ( horizontal ) , where the time and frequency resources are 
downlink mesh network configuration of FIG . 4B . In effect usually distributed within that zone based on a random or 
the intermediate devices of the mesh network correspond to pseudo - random algorithm . In contrast the Physical Down 
relays in terms of functionality . A typical difference between link Shared CHannel ( PDSCH ) 150 is comprised of a 
the two arrangements might be that the relay would not 55 plurality of time and frequency resources which are allo 
originate data , may have a higher transmission power capa cated via the PDCCH . In effect , the PDCCH provides the 
bility , and may be static immobile ) or semi - static ( for mobile communications devices with the resource alloca 
example fixed in place on a train ) . tions and the corresponding addressing information ( for 

Certain embodiments of the present invention will now be example the radio network temporary identifier — RNTI ) . A 
described with reference to an implementation which uses a 60 mobile communications device can therefore , based on the 
mobile communications network operating in accordance RNTI , know which resource allocations it should decode to 
with the 3GPP Long Term Evolution ( LTE ) standard . FIG . 7 receive data intended for ( addressed to ) it . The data may be 
is a schematic block diagram of a mobile communications either data for this mobile communications device only or 
network and mobile communications devices forming a for all mobile communications devices in the cell . In FIG . 8 , 
communication system which operates in accordance with 65 two resource blocks 162 , 164 are highlighted . These could 
the 3GPP Long Term Evolution ( LTE ) standard . The mobile be allocated to a particular terminal device by control 
network includes a plurality of base stations known in the art information provided in the PDCCH 140 in association with 



US 10 , 182 , 425 B2 
12 

the RNTI of that particular terminal device . The terminal mitted to the base station as control signalling within the 
device would then know to decode data transmitted in that PUCCH . The channel quality information received at the 
frequency / symbol allocation . base station ( BNB ) is then used to allocate uplink grants for 

In similar fashion , FIG . 9 schematically illustrates an the respective radio links . As can be seen from FIG . 10 , the 
example uplink data and control channel structure for use in 5 respective uplink grants are then transmitted ( as control 
the network shown in FIG . 7 . As with the uplink - side , a signalling in the PDCCH ) directly to the respective relay 
physical up - link frame 220 is used to communicate control n odes and the terminal device . In this way , the uplink grants 
signalling and data on the uplink ( terminal device to base for each hop of the route can be tailored to complement the 
station ) . Again , as with FIG . 8 , FIG . 9 is a somewhat channel conditions at each hop . 
simplified form of this . In FIG . 9 , the physical up - link frame 10 It will be appreciated that the same principles could be 
220 is divided into sub - frames 230 . Below the representa applied to a mesh network , in which at least some terminal 
tion of the LTE frame 220 in FIG . 9 is an expanded version devices serve as relays in relation to other terminal devices . 
of one of the sub - frames 230 . In each sub - frame 230 , a FIG . 11 schematically illustrates the use of the downlink 
Physical Uplink Control Channel ( PUCCH ) 240 is shown control and data channels to control the transmission of 
which occupies some time and frequency resources within 15 beacon signals from various devices on the network . In 
two resource zones that stretches across the entire time particular , control signalling provided within the PDCCH 
( symbol ) band ( horizontal ) and across a portion of the upper 340 of a sub - frame 330 indicates the radio resource ( beacon 
and lower extremities of the frequency band ( vertical ) . In transmission resource block ) 360 within the PDSCH 350 at 
contrast the Physical Up - link Shared CHannel ( PUSCH ) 250 which respective beacon signals are to be transmitted . In this 
is comprised of a plurality of time and frequency resources 20 way the base station is able to schedule beacon transmis 
which are allocated via the PDCCH ( in the downlink frame ) . sions in such a way that the network devices know when to 
The PDCCH therefore provides the mobile communications transmit their beacon signals , and optionally when to receive 
devices with the resource allocations and the corresponding beacon signals from neighbouring devices . Based on the 
addressing information ( for example the radio network beacon signals , which have a predetermined transmit power , 
temporary identifier - RNTI ) for the transmitting as well as 25 the receiving device is able to calculate a receive power of 
receiving control signalling and data . A mobile communi - each received beacon signal and communicate this back to 
cations device can therefore , based on the RNTI , know the base station in the form of an uplink control signal 
which resource allocations it should transmit data on . In carried on the PUCCH . 
FIG . 9 , two resource blocks 262 , 264 are highlighted . These Once the base station has decided on a suitable routing of 
could be allocated to a particular terminal device by control 30 uplink data from a terminal device , it transmits routing 
information provided in the PDCCH 240 in association with information to the terminal device and any intermediate 
the RNTI of that particular terminal device . The terminal devices on the decided route . The routing information may 
device would then know to transmit data using that fre - be broadcast by the base station using the PDCCH . FIG . 12 
quency / symbol allocation . schematically illustrates an example signal flow for trans 

In a multi - hop network configuration , it is desirable to be 35 mitting routing information and receiving uplink data along 
able to select the best route for communicating data . In some the nominated route in response . As can be seen from FIG . 
cases this may be the route having the cleanest channel 12 , three sets of routing information are transmitted , poten 
conditions ( highest quality radio link ) , and in other cases this tially in parallel , via the PDCCH to the first relay node 
may be the route having adequate channel conditions but a ( RN1 ) , the second relay node ( RN2 ) and the terminal device 
fewer number of hops . For example , data communications 40 ( UE ) . No multi - hopping on the downlink is required . The 
requiring a greater degree of reliability may favour high first set of routing information ( RN1 - NB ) is directed to 
quality channel conditions while data communications the first relay node RN1 and instructs the first relay node 
requiring a low latency ( transmission delay ) may prefer to RN1 to direct communications to the eNB . The second set 
limit the number of intermediate stages in the transmission of routing information ( RN2 > RN1 ) is directed to the sec 
Furthermore , the quality of the radio links may have an 45 ond relay node RN2 and instructs the second relay node RN2 
impact on the time / frequency resources to be allocated to a to direct communications to the first relay node RN1 . The 
transmission ( for example , a number of resource blocks third set of routing information ( UE - > RN2 ) is directed to the 
within the PUSCH ) , or the encoding type / rate and transmis mobile terminal ( UE ) and instructs the mobile terminal to 
sion power which should be used . In order to achieve this direct communications to the second relay node RN2 . 
the quality of each radio link is measured and reported back 50 Subsequently , when the mobile terminal transmits data to 
to the base station . the base station , it follows the instruction provided by the 

FIG . 10 schematically illustrates an example signal flow third set of routing information and directs the data to the 
for transmitting and receiving beacon signals , and allocating second relay node RN2 . The second relay node RN2 then 
uplink resources in dependence on the result . In FIG . 10 , follows the instruction provided by the second set of routing 
each of the base station ( NB ) and first and second relay 55 information and directs the data to the first relay node RN1 . 
nodes ( RN1 , RN2 ) transmit predetermined beacon ( refer The first relay node RN1 then follows the instruction pro 
ence ) signals . The reference signal from eNB is received by vided by the first set of routing information and directs the 
the first relay node RN1 , measured , and channel quality data to the base station . In this way the base station is able 
information ( CRI ) is fed back to the eNB . The reference to control the routing of uplink data through the network . 
signal from the first relay node RN1 is received by the 60 The routing information may utilise two addresses , that of 
second relay node RN2 , measured , and channel quality the transmitter ( so that the transmitter is aware that it is the 
information ( CQI ) is fed back to the eNB via the first relay intended recipient of the routing information ) , and of the 
node RN1 . Finally , the reference signal from the second receiver ( so that the transmitter knows where to send the 
relay node RN2 is received by the terminal device ( UE ) , data ) . Where the routing information is broadcast on the 
measured , and channel quality information ( CRI ) is fed back 65 PDCCH , the receiver address may also be useful to the 
to the eNB via the second relay node RN2 and the first relay receiver itself in knowing to expect transmissions from the 
node RN1 . The channel quality information may be trans - transmitter . The addresses may be radio network temporary 
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13 
identifiers ( RNTIs ) , which serve to identify various devices device can know that the base station has received the uplink 
( including base stations , relays and terminal devices ) within data , the base station transmits two ACK messages . One of 
an LTE network environment . these is transmitted to the first relay node in order that the 

FIG . 13 schematically illustrates an example signal flow first relay node is aware that the transmission of the uplink 
for setting and scheduling uplink grants in relation to the 5 data has been successful . The first relay node can then 
selected radio links and providing uplink data in response to dispense with the uplink data as there will be no requirement 
that allocation . The uplink grants are broadcast to each of the for retransmission . The other ACK message is transmitted 
first relay node RN1 , the second relay node RN2 and the directly to the terminal device . The terminal device is 
mobile terminal ( UE ) ( and in fact any other devices within therefore made aware that the uplink data has reached its 
range ) on the PDCCH , but are addressed individually to 10 final destination at the base station , and can then dispense 
these devices . No multi - hopping on the downlink is with the uplink data . Until that time there is a risk , even if 
required . In response , the terminal device ( UE ) transmits the ACK message from the second relay node RN2 has been 
uplink data to the second relay node RN2 ( as required by the received , that the uplink data could be lost further along on 
third routing information in FIG . 12 ) using the allocated the route to the base station . If the mobile terminal does not 
radio resources . On receipt , the second relay node RN2 15 receive either the per - link ACK or the final ACK within 
relays the received data to the first relay node ( as required by respective specified time periods , it may decide to retransmit 
the second routing information in FIG . 12 ) using the allo - the uplink data . 
cated radio resources . On receipt , the first relay node RN1 In other words , in order to mitigate problems with auto 
relays the received data to the base station ( as required by matic repeat requests , the base station ( NB ) sends two 
the first routing information in FIG . 12 ) using the allocated 20 Acknowledge messages for one received data message ; a 
radio resources . In this way , the base station is able to per - link ACK towards transmitter ( relay node ) of this data 
allocate radio resources on a per radio link basis . It will be message and a further ACK towards the source ( end UE ) of 
appreciated that the signalling of FIGS . 12 and 13 could be the data message . 
combined , with the base station providing routing informa - It should also be noted that the base station may determine 
tion and uplink grants in a single step . 25 a delay budget for uplink data transmission based on the 

FIG . 14 schematically illustrates an example signal flow number of intermediate devices via which uplink data trans 
for routing information and data in a relay network . FIG . 14 missions from the terminal device to the base station are to 
should be read in conjunction with FIG . 12 . In FIG . 14 , a be routed . The base station can use the determined delay 
base station ( NB ) 410 is provided . The base station 410 budget to set a time - out period after which an uplink signal 
transmits routing information on the downlink to each of a 30 transmitted from the terminal device to the base station can 
first relay node RN1 420 , a second relay node RN2 430 and be assumed to be lost . This time - out period can be commu 
a mobile terminal ( UE ) 440 . These devices correspond to the nicated to the terminal device in control signalling , and 
base station , first relay node , second relay node and base enables the terminal device to determine ( for example ) how 
station discussed above in relation to FIG . 12 . In the present long to wait for an ACK message before retransmitting 
case , the base station 410 is assumed to have previously 35 uplink data . 
determined the appropriate routing from the mobile terminal FIGS . 16A to 161 schematically illustrate an example 
to the base station to be via the second relay node 430 and method of establishing a multi - hop uplink using beacon 
the first relay node 420 in series . As can be seen from FIG . signals . One example method of establishing an uplink 
14 , the base station sets this route by transmitting routing multihop link is described in this section through a sample 
information on the downlink to each of the mobile terminal 40 scenario , but it will be appreciated that other methods will 
440 , the first relay node 420 and the second relay node 430 . also be viable . This method is described in relation to a mesh 
On the uplink side , data is transmitted in a multi - hop manner network , but would also be applicable to a relay network , in 
from the mobile terminal 440 to the second relay node 430 , which certain of the UE devices would be replaced with a 
from the second relay node 430 to the first relay node 420 dedicated relay device . 
and from the first relay node 420 to the base station 410 in 45 Referring first to FIG . 16A , a terminal device UE A 530 
accordance with the respective routing information . is connected in the uplink to a base station eNB 510 via a 

FIG . 15 schematically illustrates an example signal flow terminal device UE B 520 . The terminal device UE B 520 is 
for a multi - hop acknowledgement ( ACK ) procedure . FIG . directly connected to the base station eNB 510 . The terminal 
15 should be considered in conjunction with FIG . 14 . When d evice UE A 530 has a beacon transmission range indicated 
a transmitting device transmits data to a receiving device , it 50 by the circle 535 . A new terminal device UE C 540 enters in 
may expect an acknowledgment signal from the receiving the radio ( beacon ) range of UE A . 
device indicating that the transmitted data has arrived . If this Referring next to FIG . 16B , the terminal device UE C 
acknowledgement signal is not received then the transmit 540 , which wants to connect to the network , will listen for 
ting device may wish to resend the data ( automatic repeat at least a predefined beacon interval , to hear if any terminal 
request - ARQ ) . A problem with a multi - hop routing sce - 55 devices are nearby . Since the terminal device UE C 540 has 
nario is that a per - radio - link acknowledgement cannot read - entered the radio range 535 of the terminal device UE A 530 , 
ily be enforced . In FIG . 15 , when the mobile terminal ( UE ) it will hear the beacon transmitted by the terminal device UE 
transmits uplink data to the second relay node RN2 , it can 530 . 
expect the second relay node to reply with a per - link ACK . If the terminal device UE C 540 hears more than one 
However , this does not guarantee that the data will reach its 60 beacon it will measure the received power level of these to 
final destination at the base station . Subsequent hops in the determine the strongest signal and store the strongest trans 
route may then be entirely invisible to the mobile terminal , mitting terminal device , because this can be assumed to be 
with further per - link ACKs being transmitted only to the the closest terminal device suitable to connect to . 
device providing the uplink data at each stage . These further Referring next to FIG . 16C , once the terminal device UE 
per - link ACKs serve a useful function in that if they are not 65 C 540 receives the beacon sent from the terminal device UE 
received a retransmission can be made from the first or A 530 , it will send a connection request back to the terminal 
second relay nodes for example . In order that the terminal device UE A 530 . If the terminal device UE C 540 hears 
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more than one beacon , it will send the connection request to using the method described in relation to FIG . 15 for 
the terminal device that is assumed to be closest . The example . Finally , the communication is completed at a step 
terminal devices UE A 530 and B 540 will forward this S7 . 
request to the base station eNB 510 where routing is 
managed . 5 The invention claimed is : 

Referring next to FIG . 16D , upon reception of this eption of this 1 . An intermediate device for wirelessly relaying data 
request , the base station eNB 510 will send a connection within a wireless communications system , the intermediate 
grant message to directly to the terminal device UE C 540 . device comprising : 

a receiver configured to The connection grant will instruct the terminal device UEC 
540 to connect to the terminal device UE A 530 , whenever 10 wirelessly receive , from a base station in the wireless 

communications system , first intermediate control it has something to send . signals that identify a second intermediate device as FIG . 16E assumes that another terminal device UE D 550 , a target device of the intermediate device to which having a radio beacon range 555 , roams into range of the the intermediate device is to transmit uplink signals terminal device UE C 540 . intended for the base station , and In FIG . 16F , an assumption is made that all terminal wirelessly receive the uplink signals from a third inter 
devices are sending beacons at a certain interval . Eventually mediate device ; and 
the terminal device UE C 540 will hear the beacon sent from a transmitter configured to wirelessly transmit the uplink 
the terminal device UE D 550 and will notice that the signals to the target device , wherein 
terminal device UE D 550 has entered its radio range . 20 the third intermediate device receives , from the base 

Referring to FIG . 166 , upon reception of a beacon , the station , second intermediate control signals that are 
terminal device UE C 540 will report this fact and indicate different the first intermediate control signals and that 
the strength of the signal to the base station eNB 510 , identify the intermediate device as a target device of the 
through the already established uplink . third intermediate device to which the third intermedi 

Referring to FIG . 16H , after reception of the beacon 25 ate device transmits the uplink signals . 
report , the base station eNB 510 will determine whether a 2 . The intermediate device according to claim 1 , wherein 
change in the uplink route is necessary . The decision may be the receiver is further configured to receive scheduling 
made from the reported signal strength between the mobile information having a plurality of address fields , and 
terminals or by the number of hops between the mobile the plurality of address fields include a transmitter address 
terminal UE C 540 and the base station eNB 510 . 30 field identifying the intermediate device and a receiver 

Referring to FIG . 161 , because the number of hops for the address field identifying a device to which the inter 
current route between the base station eNB 510 to the mediate device is to direct uplink signals intended for 
terminal device UE C 540 is 3 hops , and through the the base station . 
terminal device UE D 550 is 2 hops , the base station eNB 3 . The intermediate device according to claim 2 , wherein 
510 instructs the terminal device UE C 540 to reroute to 35 the plurality of address fields include radio network tempo 
connect with the terminal device UE D 550 to reduce the rary identifiers ( RNTIS ) specified on a physical downlink 
number of hops . Reducing the number of hops is beneficial control channel ( PDCCH ) broadcast by the base station . 
to lower latency and overhead . 4 . The intermediate device according to claim 1 , wherein 
By operating through the method described with reference the intermediate device is configured to wirelessly receive , 

to FIGS . 16A to 161 , routing can be fully managed by the 40 from the base station , an indication that the intermediate 
base station , enabling reduction of complexity at the mobile device is required to receive the uplink signals . 
terminal . 5 . The intermediate device according to claim 4 , wherein 

FIG . 17 is a schematic flow diagram illustrating several of the indication specifies a radio resource at which the inter 
the steps involved in communicating data asymmetrically on mediate device can expect the uplink signals to be trans 
an uplink / downlink . In particular , at a step Si , a terminal 45 mitted to the intermediate device by a terminal device or by 
device establishes a connection to the network . This could the third intermediate device . 
be achieved using the method described in relation to FIGS . 6 . The intermediate device according to claim 1 , wherein 
16A to 16D for example . Then , at a step S2 , channel quality the intermediate device is configured to 
information , relating to the radio links available between receive a beacon signal from one of the base station , 
devices within the network , is obtained and communicated 50 another intermediate device and a terminal device , 
to the base station . This could be achieved using the method generate a respective measure of the radio link quality 
described in relation to FIGS . 16E to 16G for example . At between the intermediate device and the device from 
a step S3 , the base station sets scheduling information ( for which the beacon signal was received using the 
example routing information and uplink grant ) based on the received beacon signals , and 
received channel quality information . This could be 55 transmit the measure of radio link quality to the base 
achieved using the method described in relation to FIG . 16H station within the uplink signals . 
for example . At a step S4 , the base station transmits the 7 . The intermediate device according to claim 6 , wherein 
scheduling information directly to the network devices . This a transmission route from the terminal device to the base 
could be achieved using the method described in relation to station via one or more of intermediate devices is deter 
FIGS . 12 to 14 , 16G and 161 for example . At a step S5 , 60 mined according to the transmitted measures of radio link 
uplink data is transmitted in a multi - hop manner to the base quality . 
station in accordance with the scheduling information . This 8 . The intermediate device according to claim 6 , wherein 
could be achieved using the method described in relation to the receiver is further configured to receive scheduling 
FIGS . 12 to 14 for example . At a step S6 , a two - part information that scheduling information specifies one or 
acknowledgement ( ACK ) procedure is conducted to inform 65 more of a transmission power , data rate , transmission fre 
the terminal device that the uplink data has been success - quency , transmission timeslot and number of resource 
fully received at the base station . This could be achieved blocks for the uplink signals . 
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9 . The intermediate device according to claim 8 , wherein second target relay device to which the target relay 
the scheduling information is set for each radio link based on device transmits the uplink signals , and 
the radio link quality measure reported for each radio link . the second target relay device receives the uplink signals 

10 . The intermediate device according to claim 1 , wherein from the target relay device and transmits the uplink 
the intermediate device is a machine type communication 5 signals to the base station . 
( MTC ) device . 15 . The relay device according to claim 14 , wherein the 

transceiver is further configured to 11 . The intermediate device according to claim 1 , wherein transmit a beacon , the intermediate device is a relay . receive a communication request from the user equipment 
12 . The intermediate device according to claim 1 , wherein after the user equipment enters range of the relay 

the intermediate device is a terminal device . device and receives the beacon , 
13 . A method of wirelessly relaying data within a wireless forward the connection request to the base station , and 

communications system , the method comprising : authorize connection to the user equipment when the user 
wirelessly receiving , by an intermediate device from a equipment receives a connection grant message from 
base station in the wireless communications system , 15 the base station . 
first intermediate control signals that identify a second 16 . The relay device according to claim 14 , wherein 

intermediate device as a target device of the interme the transceiver is further configured to receive scheduling 

diate device to which the intermediate device is to information having a plurality of address fields , and 
transmit uplink signals intended for the base station ; the plurality of address fields include a transmitter address 

wirelessly receiving , by the intermediate device , the 20 field identifying the relay device and a receiver address 
uplink signals from a third intermediate device ; field identifying a device to which the relay device is to 

wirelessly transmitting , by the intermediate device , the direct uplink signals intended for the base station . 
received uplink signals to the target device ; and 17 . The relay device according to claim 16 , wherein the 

wirelessly receiving , by the third intermediate device plurality of address fields include radio network temporary 
from the base station , second intermediate control 35 identifiers specified on a physical downlink control channel 
signals that are different from the first intermediate 25 broadcast by the base station . 
control signals and that identify the intermediate device 18 . The relay device according to claim 14 , wherein the 
as a target device of the third intermediate device to relay device is consigured to 
which the third intermediate device transmits the uplink receive a beacon signal from one of the base station , 
signals . another relay device and the user equipment , 

30 14 . A relay device , comprising : generate a respective measure of the radio link quality 
between the relay device and the device from which the a transceiver configured to beacon signal was received using the received beacon receive uplink signals from a user equipment ; 

receive , from a base station , first control signals that signals , and 
instruct the relay device to transmit the uplink sig - 35 transmit the measure of radio link quality to the base 

station within the uplink signals . nals to a target relay device within transmission 
range of the base station ; and 19 . The relay device according to claim 18 , wherein a 

transmit the uplink signals to the target relay device , transmission route from the user equipment to the base 
wherein station via one or more of relay devices is determined 

the target relay device receives the uplink signals from the 40 the according to the transmitted measures of radio link quality . 
20 . The relay device according to claim 14 , wherein the relay device , 

the target relay device receives second control signals relay device is a user equipment configured to operate in a 
from the base station , the second control signals being mesh network . 
different from the first control signals and identifying a 


